We have isolated hybrid baculoviruses ofBombyx mori nuclear polyhedrosis virus (BmNPV) and Autographa californica NPV (AcNPV) capable of replicating in both BmN (not susceptible to AcNPV) and (not susceptible to BmNPV) cells (A. Kondo and S. Maeda, J. Virol. 65:3625-3632, 1991 
corresponding 572-bp fragment (BmScH) of BmNPV. Furthermore, this fragment originated from the coding region of the putative DNA helicase gene. Cotransfection of AcNPV DNA with BmScH also generated a host range-expanded virus, eh2-AcNPV. These results indicated that the expanded host range characteristics of eh2-AcNPV were solely the result of recombination within the coding region of the putative DNA helicase gene.
Baculoviruses are characterized by large double-stranded DNA genomes encapsulated within rod-shaped enveloped virions. They have been isolated only from arthropods and have relatively narrow host ranges. Autographa califomnica nuclear polyhedrosis virus (AcNPV) is the best-characterized baculovirus at the DNA level. The host range of AcNPV is wider both in vivo and in vitro than Bombyx mon NPV (BmNPV) (8) . AcNPV has been shown to replicate in the cell lines TN-368, SF-21, and CLS-79 but not in BmN, while BmNPV replicates in BmN but not in TN-368, SF-21, or CLS-79 (8) . Despite their unique host specificities, the genomes of BmNPV and AcNPV exhibit relatively high DNA homology on the basis of DNA hybridization (13) and direct-sequencing experiments (3, 4, 7, 13, 14, 22) . Coinfection of AcNPV and BmNPV has been shown to result in the production of recombinant viruses with wider host ranges (8) .
Gene expression experiments using recombinant baculo- (15) . Plasmids containing these fragments were propagated in 50-ml bacterial cultures and extracted by the alkaline-SDS procedure (17) . Nucleotide sequences of appropriate plasmids were determined by the dideoxy chain termination method as described previously (16) . Cotransfection. Cotransfection of viral DNA and viral DNA fragments or subcloned DNA fragments was carried out in the presence of calcium ions by the method reported previously (12) . eh-AcNPV DNA cleaved with HindIII or PstI was extracted with phenol and chloroform, precipitated with ethanol, and resuspended in distilled water prior to cotransfection. For cotransfection, 2 ,ug of AcNPV DNA and 2 ,ug of cleaved eh-AcNPV DNA or 1 ,ug of subcloned Restriction endonuclease analysis of eh-AcNPV viral DNA. Viral DNAs from eh-AcNPV, BmNPV, S2-2, and AcNPV were analyzed by restriction endonuclease analysis in order to determine their genetic relatedness. The restriction endonuclease profiles of BmNPV, AcNPV, and S2-2 were different, as reported previously (8, 16 Fig. 2A . In order to further localize the region responsible for host range expansion, HH was subcloned into 5 smaller fragments (HE, EH, HSc, SH, and ScH) and each of these was cotransfected with AcNPV DNA in SF-21 cells. As shown in Fig. 2A and AcNPV (12) . Deduced amino acid sequences are indicated above or below the corresponding nucleotide sequences. Identical nucleotide (.) or amino acid (-) sequences are indicated. The HindIII and Sacl restriction endonuclease sites are underlined. 62.2 to 62.6 m.u. in the AcNPV Li genome map. This region is found in the coding region of the putative DNA helicase gene of AcNPV (12) , indicating that a mutation in the coding region of DNA helicase can expand host range. Since the restriction endonuclease patterns of AcNPV 0T2 and Li are relatively similar except for deletions and/or insertions of several restriction endonuclease sites (16) , the ScH fragment of eh-AcNPV was also considered localized around 62 m.u. in AcNPV OT2.
Identification of a BmNPV fragment capable of expanding the host range of AcNPV. A BmNPV fragment (BmScH) corresponding to eh-AcNPV ScH was identified within the 3.0-kbp HindIII M fragment of BmNPV (15) and subcloned into pUC18R. Cotransfection of AcNPV DNA with BmScH generated eh2-AcNPV which had identical EcoRI, PstI, and HindIII restriction endonuclease patterns (data not shown) to those of AcNPV, as well as an expanded host range phenotype. When eh2-AcNPV was infected into BmN and SF-9 cells, typical viral growth curves reaching maximum titers of about 4 x 108 and 1 x 108 PFU/ml, respectively, were obtained when plaque assayed on BmN cells (Fig. 3) . eh2-AcNPV also replicated well (107 PFU/ml at 72 h p.i.) on TN-368 cells. Other fragments in a BmNPV fragment library covering the entire BmNPV genome did not induce host range expansion of AcNPV. BmScH and eh-AcNPV ScH were identical on the basis of nucleotide sequence analysis (Fig. 2B) The nucleotide sequences (Fig. 2B ) of the 572-bp ScH fragments of eh-AcNPV and BmNPV were identical, indicating that the ScH fragment of eh-AcNPV was of BmNPV origin. The ScH fragments of BmNPV corresponded to around 62 m.u. in both the BmNPV and AcNPV genome maps. This localization was consistent with previous findings (8) Several examples of cytotoxicity induced either directly or indirectly by virally encoded proteins with helicase activity have been reported. For example, in addition to exhibiting helicase activity (5, 23) , the Rep protein and NS1 of parvoviruses induce cytopathic effects in host cells, as shown by transient expression (10) and mutational analyses (9, 10). NS1 has also been shown to be involved in the host range determination of porcine parvoviruses (20) . Furthermore, expression of NS1 of the Aleutian mink disease parvovirus by a recombinant AcNPV results in induction of cytotoxicity and inhibition of AcNPV replication (2 (Table 1) and eh2-AcNPV replicated at wild-type levels in BmN, SF-9, and SF-21 cells (Fig. 3 and Table 1 ). Other genes may be involved in the host range determination mechanisms of baculoviruses in general; however, homologous recombination of 572 bp in the DNA helicase gene was shown to be sufficient and essential for allowing AcNPV to replicate in BmN. Nucleotide sequence analysis indicated that 1 or more of the 14 amino acid substitutions in this region seemed to be solely involved in the expansion of host range. We are presently mapping the specific amino acid substitution(s) responsible for host range expansion by mutagenesis experiments.
